Abstract. The effect of pulse current on 5A90 Al-Li alloy with micro-cracks was studied in this work. The elongation, pore density and average pores size of 5A90 specimens with micro-cracks before and after the pulse current treatment was tested and compared. It is found that, after pulse current treatment, the elongation of 5A90 specimens with micro-cracks reached 26.4%, which is 4.3 times of the elongation of the untreated specimen. The pore density of the 5A90 sheet with microcracks is greatly reduced. The same trend is observed for the average diameter of the pores. The results indicate that the pulse current has a favorable repair effect on the artificial defects in 5A90 Al-Li alloy.
Introduction
In recent years, the study of pulse current on the role of metal materials gradually increased. The current will have certain effects on the metal material, which include Joule heating effect, the electronic wind effect, skin effect and magnetic compression effect [1] [2] . Under the combined excitation of these effects, the mechanical properties and microstructures of the metal material will be optimized. The latest study found that, in the role of pulse current, various metals (Ti-6Al-4V [3] [4] , 304 stainless steel [5] , SiCp/Al [6] etc.) appeared the phenomenon of grain refinement, internal cracks reduced and plastic increased.
Al-Li alloy is a structural material commonly used in spacecraft, with the advantages of low density, high specific strength and specific stiffness, and good corrosion resistance. Experimental studies show that the addition of 1%-2% aluminum lithium can reduce the density of 3%-10%, and increase the elastic modulus of 6%-35% [7] . After a century of research and development, the application has been the focus of current research of Al-Li alloy. At present, the limiting factors of application of Al-Li alloy mainly include two aspects: poor forming performance at room temperature and the expensive prices. Therefore, it is of profound significance to find a way to improve the forming properties of Al-Li alloys.
In this paper, the effect of pulse current treatment on the plasticity and microstructure of cracked 5A90 sheet was studied by means of controlled test. And the results of the comparison were also analyzed.
Experimental Materials and Procedures

Experiment Materials
The 5A90 Al-Li alloy used in the experiment was supplied by Southwest Aluminum Co., LTD. The elemental composition of 5A90 Al-Li alloy is shown in Table 1 . And the dimensions of the specimen in this work are shown in Figure 1 . 
Pulse Current Treatment
In order to pre-fabricate micro-cracks in the 5A90 specimen, the specimen was uniformly stretched by 6 mm using a universal tensile testing machine. The stretching speed was 5 mm/s. The specimens with micro-cracks were divided into groups A and B. The specimens of group A were treated with pulse current with different current density, followed by metallographic observation and elongation test. The pulse current processing device was shown in Figure 2 . The treatment is powered by GIF-3000A/8V-1 low-voltage high-current power, which can provide 3000A maximum effective DC pulse current. The specimens of group B as control specimens, direct observation of the metallographic and elongation test. 
Characterization of Treatment Effect
The repairing effect of pulse current on 5A90 was mainly characterized by two aspects: elongation in macroscopic and pore density and average void size in microscopic. The elongation was tested by a tensile testing machine. Pore density is measured by taking one photo at random in five parts of the surface of the specimen, calculating the number of voids in the image and dividing by the area. The approximate location of the photograph is at the dot in Figure 1 . The average pore size was measured by counting the average void size in the five photographs and averaging the values.
Results and Discussion
Effect of Pulse Current Treatment on Elongation
The records of elongation test are shown in Table 2 . As can be seen from the record table, the elongated 6 mm in pre-fabricate micro-cracks includes elastic deformation and plastic deformation. After the tensile stress was unloaded, the specimens retain about 3mm of plastic deformation. In the present invention, the subsequent elongation and total elongation are defined by the following formulas: l is The length after pre-fabricate micro-cracks. 2 l is the length after elongation test. From the results of group B, after 20% pre-deformation, the subsequent-elongation is only 6.1% due to work hardening and crack propagation. However, after pulsed current treatment, the subsequent elongation can be increased to 26.4%; From the calculation of total elongation, the total elongation of the specimen without pulse current treatment is 26.5%. Surprisingly, the total elongation of the specimen after pulsed current treatment reached 52.2%. This shows that pulse current treatment can indeed significantly enhance the plasticity of 5A90 Al-Li alloy specimens. And the degree of its plasticizing effect is related to the pulse current density at the treatment. The larger the pulse current density, the better the plasticizing effect. 
Units Effect of Pulse Current Treatment on Micro Structure
In order to study the mechanism of pulse current on the 5A90 Al-Li alloy with micro-cracks, the microstructure of the specimens before and after pulse current treatment is observed in this section.
After statistics and calculation, the pore density and average pore size of 5A90 Al-Li alloy with micro-cracks before and after pulse current treatment are obtained in Table 3 . As can be seen from the table, the porosity of the Al-Li alloy after pulsed current treatment was reduced by 57.14%. And the average pore size was also reduced by 41.42%.
This shows that the pulse current has played a role on the internal cracks and voids of 5A90. From the size and number of pores, the pulse current reduces the size of the larger pores. At the same time, the pulse current closes some of the small-sized pores. From the morphology of the pores, most of the porosity in 5A90 after prefabricated cracks has sharp corners, as shown in Figure  4 .A). After pulsed current treatment, the morphology of pores becomes more rounded, as shown in Figure 4 B) . Figure 5 .A) shows the morphology of micro-cracks on the surface of 5A90 specimen. After pulsed current treatment, the same micro-cracks were observed, as shown in Figure 5 B) . By comparing the morphology of micro-cracks before and after pulsed current treatment, it is found that the tip of micro-cracks produced by plastic deformation has the obvious healing tendency in 5A90 specimen treated with high intensity pulsed current. Although the large-size cracks were not completely repaired by the pulse current, but there width have been significantly reduced. When the pulse current through the sheet with micro-crack, it will produce another effect. The results of previous studies have shown that there will be a phenomenon of current concentration when the current flow around the crack tip. The high temperature generated by the high current density at the tip can locally melt the crack tip and create a fused hole. [8] The stress concentration of the crack tip can be relieved greatly by the melt hole, and the further extension of the crack can be restrained. Porosity reduction and mitigation of stress concentration can explain the increase in elongation of 5A90 Al-Li alloy with micro-crack. This shows that the pulse current treatment technology can effectively repair the cracked 5A90 sheet, which could effectively improve the multi-pass forming performance of 5A90 Al-Li alloy. At the same time, this is also an effective technology to improve the service life of 5A90 parts.
Conclusions
After a pulse current of 50 A/mm 2 was applied for 5 minutes, the subsequent elongation of the 5A90 specimens with pre-deformation of 3mm reached 26.4%, which is 4.3 times of the elongation of the untreated specimen, and the total elongation reached 52.2%.
Under the action of the pulse current, the pore density of the 5A90 specimens was reduced by 50% and the average pore size was reduced by 30% under the action of pulse current.
Based on the comparing of micro-cracks before and after pulsed current treatment, it is found that the tip of micro-cracks produced by plastic deformation has the obvious healing tendency in 5A90 specimen treated with pulsed current.
